Al2(WO4)3 nanoparticles with average particles size of 20, 90 and 200 nm are sintered by two methods: cold pressing with additional sintering at dierent temperatures and time durations and hot pressure sintering. Density, particles size dimensions and anisometricity are tested. The results show that optimal initial nanosized dimensions and an optimal pressing condition are needed to obtain compact ceramic. Hot pressure method gives possibilities of a ceramic with a density in order of 99.8% to be received, which possesses some level of transparency.
Introduction
Aluminium tungstate Al 2 (WO 4 ) 3 belongs to the class of compounds of the general formula Me 2 (WO 4 ) 3 (Me = Al, Y, Sc, In), with orthorhombic structure, space group Pnca [1] . This class of compounds possesses Al 3+ ion conductivity. Therefore, they can be used as solid electrolytes, sensors, etc. [2] . Some of the Me 2 (WO 4 ) 3 compounds possess unusually low thermal expansion coecients (including zero and even negative values) within a broad temperature range [3] . As a third potential appli- The potential application as ionic conductors and materials with tailored expansion coecient requires a high density ceramic. The production of single crystals for laser active media from these tungstates is related with a number of problems signicant evaporation of WO 3 in the case of the Czochralski growth and low growth velocity and high anisometric of the crystals in the case of ux method [4, 5] . An eective approach to decide these problems is to produce high dense ceramics. If the density is near to the crystallographic one, the transparent ceramics could be obtained for replacing the single crystals as laser media.
The main aim of our research in recent years was the preparation of high dense (transparent) ceramics of tungstates with the general formula Al 1−x Me x (WO 4 ) 3 , where Me is Sc or In, and x varies from 0 to 2. To our knowledge preparation of tungstate high dense and transparent ceramic has not been published yet.
The technology of optical ceramics includes three main stages: (1) fabrication of nanopowders (2) preparing of * corresponding author; e-mail: a.yordanova@svr.igic.bas.bg highly dense compacts, and (3) sintering of the compact to the non-porous ceramics [6] . In this article we present the next step of the investigation sintering of high dense compact Al 2 (WO 4 ) 3 ceramics as a main member of these tungstates by cold pressing and additional sintering as well as by hot pressure sintering.
Experimental
The nanosized powders of Al 2 (WO 4 ) 3 were obtained using the co-precipitation method [8] . 
Cold pressing
In Fig. 1 pellets' density was presented as relative density to crystallographic one, which for Al 2 (WO 4 ) 3 is 5.079. Figure 1a shows that Al 2 (WO 4 ) 3 , obtained by co- Fig. 1 . Variation of the relative density of Al2(WO4)3 pellets, depending on the sintering temperature (800, 900, and 1000
• C), sintering time (1, 5, and 10 h) and the average particle size in the raw pellets (--20 nm, --90 nm, --200 nm and -•-> 1 µm). Explanation: 3.8/3 means 3.8 µm average particle size and ratio between the largest and the smallest particle size equal to 3. for maximum sintering at 900
• C for all samples was 1 h, except for Al20 (Fig. 1b) . Al20 and Al90 achieved highest density 7981% of the crystallographic one. In Fig. 1c there are presented samples after thermal treatment at 1000 • C. Highest density again was achieved for Al20 and Al90 after one hour of thermal treatment 7580%. For example, particles size of Al20 grow to 3.0, 32, 103 µm, when they were treated for 10 h at 800, 900, and 1000 • C, respectively (Fig. 2) . The particles A90 grow to 4.8, 6.7, and 22.2 µm at 800, 900, and 1000
• C (Fig. 3) .
In other words, the dimensions of the particles arise in range of 1005000 times. Signicantly lower sintering ability possesses samples Al200 and Alss. Figure 4 illustrates particles' growth of Alss. They grow from 2 µm to 510 µm.
The SEM micrographs show another feature for Al20 and Al90 samples. There is clear tendency for anisometrical growth growth of the grain in the preferable crystallographic direction. This tendency is more obvious for Al20 than for Al90 (Figs. 2, 3) . The SEM micrographs show tendency of habit growth for Alss (Fig. 4) . 
